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Designers of curriculum materials have intentions, which are goals and visions for what will 
happen in the classroom and the way that mathematics will be experienced by students and a 
teacher. These perspectives inform design decisions that aim to enable teachers to enact this 
vision and achieve these goals in expected contexts. Yet teachers and students have their own 
goals and visions, or different contextual conditions, that may be different from or even at odds 
with those of the curriculum designers. These potential differences result in design tensions, 
which reflect the conflicting demands on the curriculum materials. In this article, we call 
attention to multiple dimensions of design tensions that are central to the broader goals of 
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Design (In)Tensions in Mathematics Curriculum 
 
Designers of curriculum materials have intentions (Ziebarth et al., 2009), which we 
define as goals and visions for what will happen in the classroom and the ways that 
mathematics will be experienced and perceived by students and their teacher(s). These 
intentions inform design decisions, both course-wide and within a lesson, that aim to enable 
teachers to enact these visions and achieve these goals in expected, yet varied contexts such as 
a classroom (Ziebarth et al., 2009).  
However, teachers and students have their own goals and visions about the teaching 
and learning of mathematics, as well as different contextual conditions, that may be different 
from or even at odds with those assumed by the curriculum designers (Kilpatrick, Swafford, & 
Findell, 2001; Nie et al., 2013; Remillard & Bryans, 2004). Thus, as teachers interact with 
their curriculum materials1, this calls to question the materials’ ergonomics, which Choppin 
and colleagues describe as “the study of the ‘fit’ between curriculum design and user with 
respect to uses and perceived goals and outcomes” (in this issue). We assume that if the goals 
and visions of teachers and students using a set of curriculum materials differ from those of its 
designers2, difficulties can arise; in these cases, a better understanding of curricular 
ergonomics can illuminate complex implementation issues and suggest new remedies. 
 Although there are teachers whose curricular goals and vision are consistently aligned 
with their curriculum materials, the diversity of teachers and school contexts means that each 
set of materials has a group of teacher users for whom there is a conflict. Similar to how two 
                                                 
1 In this article, the term “curriculum” will broadly refer to content and activity designed for instructional purposes. 
In addition, the term “curriculum materials” refers to both written and digital textbooks published in print or online 
to reflect various learning goals and policy, such as content standards and frameworks. 
2 Although the authors recognize and respect the curriculum design work of teachers (Brown, 2009), in this article, 
the term “curriculum designers” will refer to the group of authors, editors, and publishers who influence the design 
of curriculum materials. 
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people pulling on opposite ends of a rubber band will create tension between one another that 
pulls each toward the other, we propose that curriculum users (i.e., teachers, students) and 
designers (i.e., curriculum authors, publishers) with differing goals pull upon each other, 
creating what we refer to as design tension. By using this analogy, we hope to convey that 
inherent in design tension is a force felt by designers and users that motivates actions by each 
to mitigate the difference. The less alignment there is between the visions of users and 
designers, the greater the design tension and thus the greater the need for relief. We propose 
that curriculum designers who anticipate this tension may adjust materials with the goal of 
enabling teachers to enact practices that are aligned with the authors’ visions. Yet we also 
have evidence that as a teacher negotiates with their curriculum materials, their adaptations 
may shift the materials to be more in line with the teacher’s instructional and mathematical 
visions and goals (Choppin, 2011).  
Thus, we argue that design tension is an inevitable aspect of the ergonomics of 
curriculum materials. Understanding the nature and ramifications of design tension is 
especially important in the case of curricular reform, such as the shifting of the educational 
vision for mathematics teaching and learning that has occurred in the United States in the last 
30 years (Confrey et al., 2008; Kilpatrick, 1997; Wilson, 2003). Since curriculum materials 
are often used to promote and support reform in the classroom (Lloyd, Cai, & Tarr, 2017; 
National Research Council, 2004), recognizing the ways in which curriculum designers and 
users alike are influenced by this tension likely impacts whether curricular reform can ever be 
realized in the classrooms in which the tension is greatest. In addition, understanding these 
design tensions can illuminate the complex relationship between curricular intention and 
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In this article, we describe what we learned from a theoretical analysis of the nature 
and implications of potential design tension along three dimensions, which are the degree to 
which (a) the mathematical content is explicitly articulated, (b) the students are responsible for 
mathematical reasoning, and (c) the use of materials is supported or constrained. We start by 
explaining how these types of design tensions are especially relevant within the context of 
curriculum reform in the United States (e.g., Stein, Remillard, & Smith, 2007; Trafton, Reys, 
& Wasman, 2001). We then describe how the design tension within each dimension may 
impact the choices that designers make when authoring curriculum materials and the potential 
ways in which students and teachers experience and use them. We illustrate the way in which 
these dimensions influence one another using examples from secondary geometry curricula. 
We end the paper with a discussion of the limitations of this framework and offer 
recommendations for further study.  
The Tensions Made Visible Through Curriculum Reform 
 Although the curriculum design tensions we discuss in this article may occur anytime the 
curricular visions of designers and users have large differences, they are particularly visible and 
important within the current context of curriculum reform, which has been a major focus in the 
United States throughout the last 30 years (Confrey et al., 2008; Kilpatrick, Swafford, & Findell, 
2001; Reys et al., 1999; Stein, Remillard, & Smith, 2007). As a response to the call for change 
by the National Council for Teachers of Mathematics (“NCTM,” 1989, 2000), along with grant-
funded support (e.g., the National Science Foundation and the Department of Education's Dwight 
D. Eisenhower Mathematics and Science Education Program), the 1980s and 1990s saw the 
emergence, testing, and publication of multiple curricular programs that represented a distinct 
change from the norm (Reys et al., 1999). These materials, which we will refer to as standards-
based curricula because their designs intended to support the new curricular standards proposed 
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by NCTM (1989), typically eschew formality before students have had considerable time to 
explore and reason through grounding mathematical ideas (Reys et al., 1999). In lieu of 
providing worked examples and formal statements of theorems, these standards-based curricula 
prioritize the development of student mathematical reasoning, often during investigations and 
problem solving, through student collaboration and discussion (Allen-Fuller, Robinson, & 
Robinson, 2010; Stein, Remillard, & Smith, 2007; Trafton et al., 2001). The changes were 
dramatic; as described by Stein et al. (2007), “The kind of instructional experience supported by 
the standards-based curricula represented a substantial departure from conventional practice in 
the U.S…. [which] involved extensive, teacher-directed explanation of new material followed by 
student seatwork on paper-and-pencil assignments with little or no discussion or exploration of 
concepts” (p. 320). Although there is a wide variance in how the authors of different standards-
based curricula approached the NCTM (1989), and then later NCTM (2000), calls for change, 
the authors’ shared goal was to emphasize sense-making, problem solving, and mathematical 
understanding while decreasing rote procedures and passive learning of facts (Reys et al., 1999). 
Yet with these curricular changes came growing pains (Burrill, 2001; Koch, 1996; 
Usiskin, 2014; Wilson, 2003). Descriptions of standards-based curriculum implementations told 
stories of mixed success (Ball, 1990; Cohen, 1990; Drake, 2002; Masingila, Tinto, & Johnson, 
1996; McCaffrey et al., 2001; Tarr, Chávez, Reys, & Reys, 2006; Wilson, 1990; Wilson, 2003). 
The standards-based programs underwent extensive testing and research, both by the designers 
themselves (e.g., Senk & Thompson, 2003) and by others (e.g., Boaler & Staples, 2008; 
McCaffrey et al., 2001; National Research Council, 2004; Tarr et al., 2008), which ultimately 
informed later revisions of the materials (e.g., second and even third versions). Throughout this 
process, the understanding of the nature of rich mathematical learning environments of 
researchers and curriculum designers evolved (e.g., Chazan, 2000; Lampert, 1990; Usiskin, 
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2008), along with the understanding of how curriculum designs could support them (Dietiker, 
2015; Hirsch, 2007; Lappan & Phillips, 2009; Senk & Thompson, 2003). In order to achieve 
these visions, some focused their design and testing efforts on the development of new ambitious 
mathematical tasks, which sometimes lacked specification regarding learning goals or 
implementation strategies (Wilson, 2003). The burden of determining how to implement these 
ambitious and unfamiliar tasks often fell to teachers, who needed to simultaneously develop new 
teaching practices and mathematical content knowledge (Ball & Cohen, 1996). Left to their own 
devices, teachers filled in gaps of learning goals or implementation strategies in ways that may or 
may not have been in line with curriculum designer’s goals (e.g., Ball, 1990; Cohen, 1990; 
Drake, 2002). Eventually, it became clear that if curriculum materials were to support the shift of 
both teaching practice and the mathematical experiences of students, then new textbooks needed 
to be more responsive to the needs of teachers, who needed support both in terms of shifting their 
assumptions about mathematical teaching and learning and in terms of developing new teaching 
practices and mathematical knowledge (Ball & Cohen, 1996; Lappan & Phillips, 2009; 
Remillard & Bryans, 2004).  
Unfortunately, mathematics classrooms in the United States have been slow to change, 
particularly in secondary contexts (Banilower et al., 2013; Hill, McGinn, & Gilbert, 2016; Stigler 
& Hiebert, 1999). Thus, we are especially interested in how these reform efforts in mathematics 
curriculum and teaching have increased the challenges for the ergonomic design of curriculum 
materials. From our own high school mathematics teaching and curriculum experience (that 
includes the authoring of textbook materials and the study thereof), we suspect that some design 
decisions come with inherent trade-offs with respect to whether or not they will support the 
vision of teaching and learning as described by NCTM (2000), or the most recent expectations 
reflected in the Common Core State Standards (National Governors Association (NGO) Center 
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for Best Practices and Council of Chief State School Officers (CCSSO), 2010). Whenever a set 
of curriculum materials, such as a textbook, is intended to reflect a vision of teaching and 
learning that is not familiar to most teachers and students using the materials, ergonomic design 
must take into account the high likelihood of users’ unfamiliarity and discomfort. Yet, the design 
choices that benefit these teachers can create obstacles for others. For example, adding 
intermediate steps to a complex math task might make the task more suitable for teachers and 
students who have less experience with standards-based curricula, but a version without these 
steps might have been more in line with the designers’ goals and would have worked well in 
other teachers’ classrooms. The added steps may pull some teachers’ practice closer to the 
designers’ vision, while also reflecting a shift of the designers and likeminded teachers away 
from their goals. Although our reference to pulling teachers closer to the visions of designer’s 
may appear to reflect a desire for fidelity, a term sometimes used to describe implementations 
with minimal alterations from the authors’ intents (Huntley & Chval, 2010), we instead 
recognize there are many ways teachers can reflect designers’ visions. Thus, we are focused on 
“pulling” teachers to adopt new practices (e.g., having students solve problems in groups) in 
order to create new meaningful mathematical opportunities for students (e.g., critical reasoning), 
rather than achieving a particular way curriculum could be enacted in the classroom. 
 The diverse set of potential interpretations and uses of any particular set of materials and 
corresponding wide array of hypothetical uses of curriculum materials by teachers and students 
present challenges for curriculum designers, particularly when the vision for mathematics 
teaching and learning by the designers largely differs from the prior experiences of most teachers 
and students (Ball & Cohen, 1996; Ben Peretz, 1990). Students and teachers read curriculum 
materials with their own expectations for how the materials can and will support mathematical 
learning and teaching, which will influence the interpretation of these materials (Ball & Cohen, 
 
 
Running Head: Design (In)Tensions 8 
1996; Behm & Lloyd, 2009; Lloyd & Behm, 2005; Remillard & Bryans, 2004). For example, 
when confronted with a textbook that consists solely of problems, a teacher may interpret it as a 
“workbook” for practice rather than a set of problems designed to have students learn through 
collaborative problem-solving. Similarly, a teacher who typically views textbooks as a reference 
for mathematical facts and as a source of guidance regarding the sequencing of content may 
approach a non-traditional textbook by looking for expository mathematical statements, such as 
definitions, theorems, and step-by-step procedures. This teacher may not even notice that there 
are large, challenging problems designed to inspire mathematical investigation or discussion or, 
if they do, interpret these problems as irrelevant or optional. In fact, this latter situation presented 
itself years ago during a public panel discussion on the California state adoption of algebra 
textbook materials. While deliberating whether to approve a standards-based textbook written by 
the first author of this paper, one panel member convinced the others to endorse the textbook by 
explaining that she would be able to teach with it. Yet, instead of describing how she could use 
the problems as a site of learning, she explained how she could design a lecture from the periodic 
text boxes that contained formal definitions and theorems! Thus, materials designed to support a 
particular vision for mathematical teaching and learning may be read and understood to support 
its exact opposite. 
Analyzing the Design Tensions of Curriculum Materials 
How can standards-based curriculum materials be designed to support a change in the 
historical landscape of mathematical teaching and learning? This is particularly challenging 
because as designers attend to curriculum materials’ ergonomics with one group of teachers in 
mind, the needs of other teachers may be neglected. How can curriculum designers tend to the 
needs of the many diverse teachers who may use their materials?  
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Selection of Curriculum Materials 
To address these questions, we analyzed an array of curriculum materials (both in print 
and online) that represent diverse pedagogical and content goals. We included materials from 
curricula that may not be considered to be standards-based because, although these design 
tensions are heightened by recent reform efforts, we wanted to learn how they play out in the 
design of different types of mathematics curriculum materials. After considering examples from 
a broad spectrum of grade levels, we restricted the selection to high school curricula because of 
our experience with teaching high school mathematics and our curriculum design experience for 
grades 6-12. In case the tensions were somehow more or less pronounced within certain types of 
subject matter (especially since one of our dimensions of design tensions is related directly to 
content), we further narrowed our selection to curriculum materials that focused on geometric 
ideas, which include those from both integrated materials and single-subject curriculum 
materials. The resulting array of textbooks that informed our analysis appears in Table 1. 
Table 1. 
Curriculum materials included in analysis. 
Publisher Title Year 
McDougal Littell Geometry for Enjoyment and Challenge 1991 
Pearson CME Geometry 2009 
It’s About Time Interactive Mathematics Program Year 1 2015 
Key Curriculum Press Discovering Geometry 2003 
Kendall/Hunt SIMMS Integrated Mathematics Level 3 2003 
Prentice Hall  Geometry 2004 
UCSMP Geometry 1991 
CPM Educational 
Program 
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For each of the curriculum materials listed in Table 1, we analyzed the student and 
teacher versions so that we would be able to learn what support teachers were offered within the 
materials. Analyzing both the teacher and student materials enabled us to learn how lesson 
content was designed as well as what messages are available to teachers regarding the use of the 
materials.  
Methods of Analysis 
To learn about the nature and impact of the design tensions, we iteratively analyzed 
curriculum materials and revised our theory. Starting with our assumption that the tensions are 
greater the more the visions of curriculum designers and users differ, we analyzed textbook 
materials for the questions: How are design tensions evident in high school math curriculum 
materials? How do designers mitigate design tensions to increase the ergonomics of the 
materials, if at all? How do different design decisions influence potential tensions? As new 
examples from our selected curriculum materials were identified and analyzed, we refined our 
emerging theories of design tension in light of new evidence. We pursued consistency, returning 
to prior examples in light of new insight until stability in the design tension was evident (i.e., 
when new curricular cases resulted in no changes to the emergent theory).  
Note that we aimed this analysis to learn about the tensions that are evident between the 
intentions of designers (as represented in the materials) and the possible visions of users. 
However, even when designers take pains to provide explicit and detailed rationales for their 
designs of curriculum materials, their complete intentions are not known to readers because there 
are likely unstated goals and visions that are guiding the work (Ben Peretz, 1990). Yet, as we 
stated earlier, designers are intentional and thus their visions and goals are reflected in the shape 
and substance of their curriculum materials (Usiskin, 2010; Ziebarth et al., 2009). Therefore, we 
argue that although it would be a mistake to assume knowledge of an author’s intentions based 
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on evidence within the curriculum materials, the materials offer clues to what the intentions may 
be. Therefore, throughout this theoretical analysis, we describe potential design tensions and 
offer textbook examples of how these tensions could manifest themselves in curriculum 
materials and possibly impact different teachers and students. 
Dimensions of Design Tensions 
Our theoretical analysis led to a definition of design tension and multiple cases in which 
design tension appears to motivate design choices. Considering these cases, we identified three 
types (or dimensions) of tension. Each dimension of design tension represents a span of potential 
positions upon which designers and users may land at any point, such as a lesson. The ends of 
these dimensions, or poles, represent extreme positions. The dimensions, along with their poles, 
are provided in Table 2 and described in the text that follows. 
Table 2. 
Dimensions of design tension. 
Dimension Description Poles 
Who Who is assumed to be responsible for the 
mathematical reasoning and the production 
of new mathematical knowledge in the 
class? 
Student, Teacher 
What What is the nature of the mathematical 
content? 
Unstructured and unspecified, 
explicitly specified and detailed 
How How flexible or constrained is the 
implementation of the materials?  
Rigidly prescribed, teacher 
choice 
 
How do these different dimensions of tensions (the what, how, and the who) play out in 
curriculum materials, and how are they interrelated? In this section, we first describe the range of 
tensions between curriculum designers and users within each dimension that we identified 
through our analysis. We then illustrate the interplay between these dimensions with a subset of 
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examples selected from the curriculum materials included in our analysis. Since space was 
limited, our selection of examples focused on illustrating the full array of tensions and 
interrelationships we found overall. 
Tension regarding Who is responsible for mathematical activity 
One of the dimensions of curriculum design tensions that becomes increasingly visible is 
who has the responsibility to contribute new mathematical insight, strategies, and claims, as well 
as the authority to validate these contributions. As students are increasingly expected to construct 
mathematical justification, make sense of problems, and persevere in solving them (National 
Governors Association and the Center for Best Practices and Council of Chief State School 
Officers, 2010), the way in which mathematics curriculum supports this shift becomes 
increasingly important (e.g., Davis, Choppin, Roth McDuffie, & Drake, 2013). Tension may arise 
within the who dimension because, whereas standards-based materials prioritize students’ 
responsibility and/or authority, many teachers have experience in classrooms in which the 
teacher maintains tight control of the mathematical focus, often by way of lecturing and limiting 
student discourse or by using curriculum materials in a way that constrains the mathematical 
content of focus (e.g., where students are expected to learn by reading their textbooks). 
When designers place explicit statements of mathematics, such as a worked example or a 
proof, within the student materials, this positions the curriculum (and, therefore its authors) as the 
authority for mathematical claims (Love & Pimm, 1997). In this case, nothing very special needs 
to be done to maintain control by the curriculum materials or teacher; a classroom teacher may 
copy this text onto a board, ask students to read from it, or engage in any number of other 
delivery mechanisms without interfering with the fact that the students are not given 
responsibility for the production of mathematical ideas (i.e., concepts and procedures). Yet for a 
teacher who endeavors to rest the responsibility for mathematical reasoning on the students, these 
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explicit statements are an obstacle. Although there are ways to take explicit statements and 
repurpose them in ways that reflect reform-oriented goals (Riling & Dietiker, 2018), this work 
places additional demands on  teachers. 
On the other hand, textbook designers who hope to have students be responsible for 
mathematical activity typically withhold direct mathematical statements of fact from the student 
materials. Since there is much uncertainty involved when students are expected to produce key 
mathematical contributions, these designers have little choice but to rely on teachers supporting 
students as they reason and make connections. Yet this role of supporting students does not come 
automatically for many teachers for whom a standards-based curriculum is new; some teachers 
lack experience supporting student authority, or the personal desire to do so. Consider a teacher 
who attempts, for the first time, to conduct an activity that depends on students making certain 
connections. If this teacher’s students fail to do so, there is a risk that the teacher may see no 
other recourse than to abandon the activity with an impromptu lecture, thus taking control of the 
thinking.  
Tension regarding What the nature of mathematics is 
Another challenge arises with the design of curriculum materials that support reform with 
regard to the shifting character of the mathematical content in classrooms; that is, what the nature 
of mathematics is taken to be. Tension may arise when a teacher has a very different view of 
mathematics (e.g., a view that mathematics is about performing a predetermined set of 
procedures) than that which is communicated by their curriculum materials (e.g., a view that 
mathematics is about sense-making and the ideas that arise as a result). This dimension can vary 
in terms of specificity; for example, a textbook may present highly-specified and narrowly-
constrained mathematical content––or be designed to elicit a variety of mathematical ideas and 
strategies. Some teachers may look to curriculum materials for explicit statements of content that 
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is expected to emerge through implementation, such as definitions or procedures. Yet other 
teachers may instead aim to enable a diverse set of mathematical strategies and concepts to 
emerge in the classroom, preferring to choose which mathematical ideas to draw attention to 
based on their particular context or classroom discussion (e.g., based on student thinking). Still 
others lie somewhere in the middle, wanting to control content, but having a different 
understanding of the content than the designers of their curriculum materials (e.g., a Euclidean 
versus transformational approach to geometry).  
If a particular mathematical definition, for example, is viewed as important for curriculum 
authors, then the definition can be directly stated in the student materials. For teachers with 
equivalent understandings of the definition, this will likely not create much tension. However, if 
a teacher prefers a definition that is not equivalent to that of their textbook, then the textbook’s 
inclusion of the definition in the student text can raise tension for the teacher in terms of how this 
content is handled. One way a teacher can lessen this tension is to limit student access to the 
textbook and either provide their own definition or design and enact prompts to elicit 
mathematical definitions or theorems from students (Riling & Dietiker, 2018). 
Alternatively, in the case of many standards-based curricula, some designers do not 
include formal definitions and theorems in the student materials. For teachers who are confident 
in conducting ambiguous learning experiences or navigating complex class discussions on the 
different ideas of the students, the absence of explicit mathematical content will probably not 
cause much tension. However, this absence may lead to a great deal of tension for teachers 
unaccustomed to the omission of explicit definitions, theorems, and properties. This tension may 
lead teachers to instead insert definitions and other content by other means, such as through 
lecturing, providing alternative supplementary materials, or teaching without any attention to 
definitions and/or theorems. These adjustments shift the materials to be more in line with the 
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teacher’s vision. To avoid this outcome, designers may choose to adjust materials so that they 
can support teachers in enacting lessons in a way that is more consistent with reform by making 
recommendations to the teacher about ways to handle ambiguity, such as offering specific 
strategies and statements to support the teacher in leading a discussion.  
Tension regarding flexibility and support in How the curriculum materials are used 
Finally, with respect to supporting the change of curriculum, a tension may arise 
regarding the degree of specificity for how the materials are expected to be used–whether 
implementation strategies are rigidly prescribed and difficult to avoid, completely unspecified, or 
somewhere in between. Part of the dilemma is how to offer structural scaffolds to support 
unfamiliar teacher practice while still leaving open space for diverse interpretations and 
enactments. Curriculum designers have an opportunity to present teachers with implementation 
options, offering suggestions that can be either taken up or ignored, enabling teachers who are 
new to standards-based practices to choose the best fit for their particular context. Alternatively, 
these designers can also constrain teachers’ options by creating obstacles that prevent adaptations 
that are the antithesis to the authors’ intentions. 
Curricular Examples Illustrating the Interplay between Design Tensions 
Interestingly, we found evidence that the three dimensions described in the previous 
section (who, what, and how) are mutually influential; that is, a shift along any single dimension 
will place new demands on another. For example, as the curriculum design goals change with 
regard to the degree of structure and specification of content (the what), tension involving how 
the materials are designed to be used, as well as who is assumed to have responsibility and 
authority for mathematical contributions, may change as well. We present here some contrasting 
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Tensions raised by momentarily increasing student responsibility. The McDougal-
Littell textbook, Geometry for Enjoyment and Challenge (“GEC”, Rhoad, Milauskas, Whipple, & 
McDougal Littell, 1991), largely takes responsibility for the mathematics by providing 
definitions of relevant vocabulary, fully worked examples, and complete proofs of any theorems 
related to the lesson objective(s). However, in some instances it provides teachers the opportunity 
to shift some responsibility to students by offering suggestions for how to engage students in 
mathematical work, mostly within “Cooperative Learning” recommendations presented in the 
teachers’ edition. In one lesson, the Cooperative Learning option suggests that students work in 
groups to prove theorems about transversals: “Divide students into six groups. Have each of the 
groups prove one of Theorems 39-44. Have one member of each group present the proof to the 
class” (p. 227). Teachers who aren’t accustomed to enabling students to have mathematical 
control will likely feel tension between their assumption that generating these proofs requires the 
teachers’ expertise and the suggestion that students would be responsible for writing and 
presenting proofs.  
The GEC textbook authors appear to mitigate potential tension in the who dimension by 
making constricting changes in the what dimension. The student edition includes substantial hints 
about how to complete each proof: Five of the six theorems are specialized versions of another 
theorem, for which the authors include a complete proof and diagram. This relationship is made 
explicit to students: “Diagram 5 on the preceding page is the basis for each of the following five 
theorems” (p. 226). The sixth theorem, for which Diagram 5 is not useful, is accompanied by 
instructions to use two specific facts with which “you can prove that Theorem 44 is true” (p. 
227). Students who utilize these hints do not have to be responsible for contributing much 
original mathematical reasoning. With the presence of the hints, the cognitive demand of the task 
is reduced, but so is a teacher’s potential distress regarding student responsibility. 
 
 
Running Head: Design (In)Tensions 17 
While the GEC student textbook provides students with detailed diagrams and hints for 
the Cooperative Learning group work, the authors do not provide teachers with much information 
about how to implement the activity. Two pages at the beginning of the teacher edition contain 
some general suggestions for implementing Cooperative Learning activities and a note that “the 
method you choose will depend upon your class” (p. Txiv). The only curricular support that 
teachers have within the lesson in question consists of the aforementioned instructions to divide 
students into groups and to assign one theorem to each group. In other words, the authors leave 
figuring out the implementation of these activities almost wholly up to the teacher. The teacher 
textbook also states that all Cooperative Learning activities in the book are either “self-
contained” or “an extension of a problem in the problem set” (p. Txv), suggesting that these 
activities are not integral to the curriculum. In fact, the phrase “Cooperative Learning” is not 
even included in the student edition, so teachers with conflicting assumptions about what enables 
students to solve unfamiliar problems would be able to take over (i.e., prove the theorems for the 
students), or bypass the activity without impacting other goals of the lesson.  
Tensions raised by relying on students to have specific mathematical insights. We 
propose that reducing the explicit and overt articulation of the content (what) in a set of materials 
creates tension that may result in authors increasing the specificity regarding how the materials 
are expected to be used (how) and granting more mathematical responsibility to students (who). 
For example, in Discovering Geometry (Serra, 2003), no definitions are provided and few 
theorems are explicitly stated. Instead, the textbook provides investigations which pose 
questions, the answers of which generate conjectures. For instance, in Lesson 2.5, students are 
asked to use tracing paper to make observations about vertical angles. After students are 
instructed to “compare your results with the results of others,” they are asked to complete the 
conjecture: “If two angles are vertical angles, then   ?  ” (2003, p. 121). Since this textbook never 
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explicitly states that the vertical angles are congruent, even later in the textbook, students who 
forget the relationship would normally need to turn to outside resources or repeat the 
investigation. There is also potential tension in the what dimension if different members of the 
class end up with different (and possibly conflicting) mathematical conclusions.  
One way this textbook reduces potential tension that this omission creates in the what 
dimension is by instructing students to “create an investigation section in your notebook. Include 
a title and illustration for each investigation and write a statement summarizing the results of 
each one” (Serra, 2003, p. 120). Although it is rare for a high school mathematics textbook to 
provide explicit instructions about note-taking in its student materials, this design decision from 
within the how dimension can ameliorate the challenges raised by the lack of explicit content. Of 
course, had the textbook not instructed students to summarize their findings in their notebooks, 
some teachers may have chosen other recording practices (e.g., a wiki-page for the class that has 
records of definitions and conjectures that are generated by consensus during whole-class 
discussions). Although the textbook’s instructions interfere with teachers’ ability to select a 
different recording strategy that might be ideal in their individual circumstances, the intrusion of 
an organizational structure presents all teachers and students with one approach and that may 
reduce the complications created by not including the complete conjectures and theorems in the 
student textbook.  
Of course, this note-taking strategy will not be effective if students do not develop any 
conjectures in the first place or if they write their notes in an unintelligible manner. As previously 
discussed, depending upon students developing ideas may cause tension for teachers who lack 
experience relying on student mathematical authority. The textbook authors appear to have 
attempted to reduce tension by providing detailed suggestions for implementation. The teacher’s 
edition includes two different ways to begin the lesson and many suggestions about what say to 
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their students during the lesson, such as “As you circulate, ask groups to write conjectures 
beginning with ‘If two angles are vertical angles, then…’” (Serra, 2003, p. 120). If unfamiliar 
textbook materials lack this support, numerous teachers may instead turn toward the teaching 
practices with which they are most familiar, such as through a gradual release of responsibility 
(sometimes referred to as “I do, we do, you do”).  
Supporting teachers in maintaining student responsibility. Unlike the GEC 
curriculum, The CME Project’s Geometry (CME Project, 2009) foregrounds student 
responsibility throughout many of its lessons. This stance within the who dimension also has 
implications for choices in the how and what dimensions. For example, in a lesson about 
relationships between similar triangles near the start of the course, the text explicitly tells 
students that they are responsible for contributing mathematical ideas by naming the section “for 
you to explore” and instructing students to “use whatever tools seem best” (p. 25). This section 
includes no definitions or examples, only tasks. That is, unlike the GEC’s Collaborative Learning 
activity, the content is largely unspecified.  On the other hand, the way in which the lesson 
should be conducted (the how dimension) is highly specified. One of the tasks directs students to 
communicate with other students: “Compare your triangle to someone else’s triangle. Are the 
two triangles identical? Do the angles of the two triangles match exactly?” (p. 25). This explicit 
reference to collaboration and groups in the student text creates a barrier for teachers who feel 
more comfortable solving the problem for students or who want students to work independently.  
The tension that may be felt during this lesson by teachers who are not accustomed to 
yielding mathematical responsibility is, by design, harder to reduce by taking back control than in 
the GEC Collaborative Learning activity. Instead of providing teachers with the option to avoid 
student responsibility, the textbook designers give teachers increased support in maintaining it. 
The teacher’s edition provides recommended group work structures, possible topics for class 
 
 
Running Head: Design (In)Tensions 20 
discussions, advice about how to select problems to assign to students, and questions that 
teachers can ask students who are working on particular problems. Although teachers are not 
required to use these recommendations, they offer teachers who lack standards-based practices 
options besides reverting to lecturing on the solutions to the problems when their students 
inevitably struggle with the lesson. In this way, the CME textbook authors reduce tension about 
who is responsible for mathematical activity without resorting to increasing the specificity of 
mathematical content by making adjustments in the how dimension. 
Supporting student responsibility while increasing content specificity. Curriculum 
designers whose vision includes less-specified content goals also tend to prioritize student 
responsibility and authority. Although it seems unlikely that designers would prefer curriculum 
or teacher control but not have specific content goals, it seems possible that a design team could 
have specific content goals and a desire students to have control over the mathematics. However, 
the design team cannot rely upon students arriving at their specific content goals, so this can 
create tension, especially within the who and what dimensions. 
One interesting example of this dilemma was found in the fictional student dialogues in 
the CME (2009) student textbook. Frequently, the CME authors provide dialogues, referred to as  
“Minds in Action,” in which fictional characters debate an idea or brainstorm a strategy. 
Although the designers of this textbook typically appear to prioritize student mathematical 
responsibility, as previously described, the Minds in Action conversations are a way for textbook 
designers to maintain textbook responsibility and authority for some of the mathematical ideas of 
the lesson. In one case, a conversation between characters named Sasha and Derman is used to 
demonstrate how to dissect a triangle into a parallelogram. The strategy presented is fairly 
specific, suggesting that the authors wanted all students to encounter this particular strategy. 
However, the language used by the characters in the dialogue highlights the metacognitive 
 
 
Running Head: Design (In)Tensions 21 
process of inventing a mathematical strategy. First, the goal-directed behavior of the characters is 
highlighted via introductory text noting that the two characters are “trying” to dissect the triangle, 
and a statement attributed to Derman: “I see where you’re going with this” (p. 175). The second 
half of the conversation highlights important aspects of the nature of mathematical proof, such as 
Derman’s concern, “what if it just looks like a parallelogram?” (p. 176). The final line, 
“Aaaahhh. It’s a proof!” (p. 176), models the satisfaction that proof can bring. 
It seems likely that the textbook authors sacrifice student responsibility with this Minds in 
Action dialogues because they do not want to risk the possibility that an explicit content goal, 
Sasha and Derman’s method for dissecting a triangle into a parallelogram, will not arise in 
students’ work. However, instead of taking back control in a traditional manner with a worked-
example or more traditional expository text, the Minds in Action conversations can support 
future student responsibility and authority by modeling ways in which students can contribute 
new mathematical ideas. The dialogue exposes a part of the process of proof that might otherwise 
be hidden, which might support the responsibility expected of students in other instances 
throughout the curriculum. At the same time, the textbook is able to communicate its highly 
specified content goal. 
Interestingly, this Minds in Action section contains less implementation support in the 
Teacher’s Edition than most other lessons and activities in the curriculum. Whether this was a 
purposeful choice or not, it is interesting that in this portion in which the who dimension is less 
student-centric and the what dimension is more highly specified, the how dimension is less 
specified. 
Protecting student responsibility by providing implementation options. Another way 
that designers manage potential tension arising from problem-solving that relies on students 
having insight and making connections is by offering alternatives for teachers regarding how 
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scaffolded and narrow the task can be, which has implications for all three dimensions. For 
example, in the Core Connections Geometry textbook (of which the first author is also an 
author), some complex tasks are presented in the student textbook in multiple forms. For 
example, one task challenges students to use a given set of measurements of a tennis court to help 
a tennis player (“Carina”) to figure out how to perfect her serve so that the ball will land in an 
extreme corner of the service box. It asks, “Assuming Carina can hit the ball so hard that its path 
is linear, from what height must she hit the ball to have the serve just clear the net and land in the 
service box? Decide whether or not it is reasonable for Carina to reach this height if she is 5’7” 
tall. Also, at what angle does the ball hit the ground?” (Dietiker, Kysh, Sallee, & Hoey, 2014, 
p. 692). The way this task is posed gives students the responsibility to problem-solve (who), and 
allows for many approaches rather than constraining the mathematical content (what).  
Yet, in the student text, this task is followed by an additional set of tasks labeled “Further 
Guidance” (Dietiker et al., 2014, p. 692). These additional problems consist of “sub-problems” 
that lead students through the initial challenge step by step, minimizing the cognitive demand of 
the original task. For example, the first sub-problem scaffolds the challenge by providing a birds-
eye view diagram of the tennis court upon which students are instructed to label all distances and 
draw the path of the ball. It asks, “Do you see any triangles?” and “What distance(s) can you 
find? What geometric tool(s) can you use?” (ibid, p. 692). Note that this reference to “geometric 
tool(s)” is a phrase this textbook uses to reference relationships the students have already learned 
about. For example, the Pythagorean Theorem is a geometric tool students may decide to use in 
this task. The scaffolding sub-problems do reduce student responsibility for strategizing (i.e., 
deciding how to start) and, by clearly communicating that a triangle would be useful, makes the 
set of mathematical ideas that will be raised for students more constrained than it is in the initial 
task. Yet the scaffolded version of the task still allows for some degree of ambiguity; students 
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have not been given Carina’s position and need to decide how to deal with that. The other sub-
problems of the further guidance similarly give away certain aspects of the strategy while still 
requiring students to make some decisions. 
For teachers who are beginning to change their teaching practice to have student learning 
occur in student groups with problems, assigning a task without the Further Guidance section 
may seem overwhelming. Indeed, while field-testing tasks such as these, we learned that teachers 
who are new to standards-based materials are likely to remove all potential for student authority 
provided by these tasks by solving them for the class or skipping them altogether. Yet by also 
providing the non-scaffolded version in the textbook, separate from the sub-problems in the 
Further Guidance section, teachers who would rather develop perseverance and require their 
students to engage in strategic thinking are also supported. By presenting several options in the 
how dimension, the textbook designers increased the potential for student authority for teachers 
with varying positions in the who dimension.  
Concluding Thoughts 
Although a teacher may have strong expectations about the degree to which a set of 
curriculum materials may articulate implementation strategies, we generally believe these 
tensions are most problematic in terms of the who and the what dimensions. In contrast, we see 
the how dimension as an avenue in which curriculum designers can manipulate access for 
teachers to lessen anticipated tensions in the other two dimensions. When the expectations of 
designers with regard to who is responsible for the mathematics and what the nature of that 
mathematics is match the presumed vision of most teachers (i.e., the authors hold the 
contemporary dominant vision), then the designers do not need to offer much implementation 
guidance; they can assume that most teachers already embrace their vision and have the 
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corresponding teacher practices to enable it. Instead, the how dimension becomes strategic when 
the visions and goals of teachers are different from those of the designers.  
We wish to highlight that we do not view the positioning of curriculum materials (nor 
teachers, for that matter) as fixed within any of the dimensions. In fact, we recognize that 
materials may shift along the dimensions from lesson to lesson or even within the same lesson. 
Consider the two CME (2009) examples: in the lesson introducing similar triangle relationships, 
the textbook adopts more of a problem-based approach (i.e., the Getting Started activity) where 
students presumably have the responsibility to contribute new ideas, which may vary from 
student to student. Alternatively, in the Minds in Action dialogue, the textbook shifts to a mode 
in which the textbook is responsible for introducing a new mathematical strategy, which is 
explicitly articulated. This variance within the same set of materials has implications for its use; 
we suspect that the shifts within materials may have the effect of providing all teachers, even 
those who are less practiced in standards-based teaching, with some tasks or activities that they 
can feel confident about using successfully with students, thereby potentially increasing these 
teachers’ overall belief in their ability to teach using a set of materials with primarily standards-
based goals (e.g., a teacher who finds the Getting Started activities challenging may find the 
Minds in Action dialogues refreshing and easier to envision using with students). 
It is important to emphasize that shifts that occur as a result of adaptation by a teacher are 
not in and of themselves unfavorable. In fact, we recognize that negotiating curriculum materials 
with an understanding of prior student knowledge, school or district curricular goals, and within 
the teacher’s frameworks of mathematics and its teaching is necessarily part of the curricular 
work of teaching. However, we also recognize that a role of standards-based curriculum is to 
promote and enable more standards-based mathematical learning experiences within the 
classroom. For this reason, designers of standards-based curriculum materials are typically not 
 
 
Running Head: Design (In)Tensions 25 
ambivalent with regard to their use. Since an overwhelming majority of secondary teachers in the 
United States are still developing standards-based practices, the ergonomics of curriculum is less 
about making the design of the materials fit to the visions and goals of the teacher, which is how 
one might think of the ergonomics of an office chair or technical device. Instead, we view 
ergonomics to the design of the design of ramps within the materials that support teachers to 
enact new or unfamiliar practices. That is, the ergonomics of curriculum materials is less about 
the prevention of discomfort, as it may be assumed to be in other areas of life, than it is about 
meeting teachers partway to enable them to sustain some discomfort as they try to refine new 
teaching strategies. 
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